WO 2005/010588 PCT/KR2004/001909 

Bi-DiRECTIONAL OPTICAL MODULES PACKAGE 
Technical Field 

The present invention relates to an optical module, and more particularly. 
5 to a bi-directional optical module package which simultaneously transceives 
optical signals having different wavelengths through a single optical fiber. 

. Background Art 

An optical communication network for exchanging information at low 

10 cost, like a Fiber to the Home (FTTH) or a computer network using light, has a 
single optical fiber distribution network which connects between a center office 
or a host and, an individual subscriber or tenninal through a single-strand optical 
fiber, which is one way of reducing an installation cost of optical fibers. 
Wavelength division multiplexing (WDM) in which a wavelength of signal light is 

15 divided prior to use is employed to simultaneously transceive infomiation 
through the single optical fiber.distribution network. 

An optical module has been manufactured such that a laser diode (to be 
abbreviated as LC hereinafter) module and a photodiode (to be abbreviated as 
PD hereinafter) module are separately fabricated and incorporated into the 

20 optical module. In recent years, howaver, the FTTH or the computer optical 
networi< having an advantageous feature of cost effectiveness has gained 
popularity. Accordingly, there has been rapidly increasing demand for a bi- 
. directional optical module capable of simultaneously transceiving an optical 
signal through a single-strand optical fiber. S.uch a conventional bi-directional 

25 optical module, as shown in FIG. 1, has been assembled such that a top open 
(TO) type LD module 1 and a TO type PD module 2 are simply combined with 
each other around an optical filter 3. 

In the above-described bi-directional optical module, that is, a simply 
assembled package of TO type LD and PD modules, the tO type LD module 

30' and the TO type PD module are separately used, so that the module package 
becomes bulky, making it difficult to achievie miniaturization. Thus, it is quite 
difficult for the bi-directionar optical module to satisfy the Small Fomi Factor 
Pluggable Transceiver Multi-Source Agreement (SMF MSA) which has been 
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recently internationally standard. In addition, a distance between the LD and 
PD modules increases, e.g., 10 mm or more, optical axes of the LD and PD 
modules may often be misaligned due to cumulative en-ors, including a 
precision enor metal blocks supporting the LD and PD modules, enrors in 
5 positions in a lens, an optical filter, and the like, much time is required for optical 
alignment, and inferiority in the reception sensitivity may become relatively 
severe. 

Meanwhile, since the bi-directional optical module is configured such 
that the LD and PD modules, the leps, the optical filter, and other elements are 

10 fixed on a metal member, thennal expansion of the metal member depending on 
a change in the temperature may considerably affect the operation of the bi- 
directional optical module, for example, a great change in the optical path. A 
bi-directional optical module having a thennal expansion problem is quite 
difficult to meet an optical output requirement that a change in the optical output 

15 be within ±1 dB operating temperature range, generally -40 to 85 t;. 

Korean Patent Registration No. 10-0289040 discloses a bi-directional 
optical communication module using a single optical fiber. In the disclosed bi- 
directional optical communication module, a bi-directional optical device 
including a semiconductor laser having a waveguide and a light receiving 

20 element is integrated on a single chip Sand the bi-directional optifcal device is 
optically coupled to a single optical fiber. When the optical fiber is optically 
coupled to the semiconductor laser and the light receiving element, 
transmission light emitted from the semiconductor teser is optically coupled to a 
core of the optical fiber and a cross section of the optical fiber is ground to fonrn 

25 an acute angle with respect to the optical fiber to allow reception light erhitted 
from the core of the optical fiber to concentrate on a light receiving area of the 
bi-directional optical device for optical coupling. 

. One way to prevent an assembling failure of the existing bi-directional 
optical communication module is to integrate a semiconductor laser and a light 

30 receiving element on a single chip, which, however, results in a deterioration of 
a light focusing power, making it difficult to achieve transceiving of the light. 

Korean Patent Publication No. 2003-0032774 discloses a bi-directional 
optical module having an optical transmitting function through a single optical 
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fiber. The disclosed bi-directional optical module is configured such that a light 
receiving block, an LD blocl< and a double-sided m-PD block are fixedly 
installed on equipment in which of a light source, an optical filter and a lens are 
assembled. The use of the assembling equipment reduces the number of 
5 optical components of the bi-directional optical module and the number of 
processes for perfomriing laser welding. However, it is quite difficult to achieve 
miniaturization of the bi-directional optical module. 

Description of the Drawings 

10 FIG. 1 is a cross-sectional view showing a conventional bi-directional 

optical module package; 

FIG. 2 IS a cross-sectional view showing a bi-directional optical module 
package according to the present invention; 

- " -FIG. 3 is a perspective view showing an optical module unit according to- 
15 the present invention; and 

FIG. 4 is a schematic cross-sectional view showing transcelving 
operations of an optical signal in the bi-directional optical module package. 

Disclosure of the Invention 

20 To solve the above problems, it is an object of the present invention to 

provide a bi-directional optical module package which enables miniaturization 
and improves an optical spcis alignment and focusing characteristics. 

It is another object of the present invention to provide a bi-directional ' 
optical module package which is minimally influenced by themrial expansion and 
25 thermal shrinkage by mounting various optical components on a ceramic 
substrate, and which enables a high-speed operation of 10 Gbps or more by 
improving an operation characteristic of ah ultrahigh frequency. 

. It is still another object of the present invention to provide an integrated 
bi-directional optical module package by fomiing a circuit pattem for impedance 
30 matching and a bonding pad on a sub-mount itself. 

To accomplish the above objects of the present invention, there, is 
provided a bi-directiorial optical module package having ap optical module linit 
comprising a substrate member," an optical filter installed on the substrate 
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member to be inclined with respect to an optical fiber, a first holder supported by 
the substrate member on one side of the optical filter and having a laser diode 
and a lens for transmitting an optical signal to the optical fiber through one side 
of the optical filter, and a second holder supported by the substrate member on 
5 the otiier side of the optical filter and having, a photodlode and a lens for 
receiving the optical signal received through tiie optical fiber. 

According to a feature of the present invention, the substrate member 
and the first ahd second holders are made of ceramic. Also, an optical axis of 
light transmitted from the laser diode and an optical axis of light received from 
10 the photodlode are disposed at right angle with respect to each other with the 
optical filter being interposed therebetween. 

The first holder may include a first base portion having a laser diode, a 
pad and a circuit pattern installed thereon, and first extending portions which 
--extend from botii sides of the first base portion to define a -fixed -position of the 
15 lens, and the second holder includes'^ a second base portion having ...a 
photodlode installed oh ian inner surface thereof, and second extending portions 
which extend from both sides of the second base portion to define a fixed 
position of the lens. 

According to anotiier aspect of the present invention, there is provided a 
20 bi-directional optical module, package comprising an optical fiber which Is 
supported by supporting means, an optical module unit which has a substrate 
member, an optical filter, a first holder, and a second holder, the optical filter 
being installed on* the substrate member to be inclined with respect to the 
optical fiber, the first holder being supported by the substrate member on one 
25 side of the optical filter and having a laser diode and a lens for transmitting an 
optical signal to the optical fiber through one side of the .optical filter, and the 
second holder being supported by the substrate member on the other. 5ide of 
the optical filter and having a photodlode and a lens for receiving the' optical 
signal received through the optical fiber, a stem which supports the optical 
30 module unit and has a plurality of pins, and a cover member which is coupled to 
the stem to sunpund the optical module unit, and has an opening formed on a 
• side con^esponding to the optical fiber. 

The bi-directional optical module package may further comprise an 
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auxiliary lens for focusing light in the opening of the cover member. 

Best mode for carrying out the invention 

5 A bl-directlonal optical module package according to the present 

invention uses wavelength division multiplexing (WDM), In which a wavelength 
of signal light Is divided prior to use to simultaneously transceive infonnation 
tiirough a single optical filaer distribution network, which is shown In FIGS. 2 and 
3. 

10 Refening to the drawings, a bi-directional optical module package 10 

inqiudes an optical fiber 30 supported by supporting means 20; an optical 
module unit 40 for transceiving an optical signal tiirough tiie optical fiber 30; a 
stem 70 which supports the optical module unit 40 and has a plurality of pins 
- 71; and a cover- member 80 which -is coupled to tiie-stem-70r surrounds" the • 
15 optical module unit 40, and has an opening 81 fomned on a side corresponding 
to the optical fiber 30, the opening 81 having a lens 90. 

the above-despribed bi-directionar optical module package 10 
accoiding to the present invention will now be explained more detail by 
component 

20 As shown in FIGS. 2 and 3, tine optical module unit 40 is supported on 

the stem 70. The optical module unit 40 has a substrate member 41 of a plate 
shape having a predetennlned thickness and an optical filter 42 installed on the 
substrate member 41 to be inclined witti respect to tiie optical fiber 30. The 
substi^te member 41 has an L-shape. but not limited tiiereto. The optical fitter 

25 42 Is installed at an inclination angle of substantially 45° on the substrate 
member 41 . A first holder 50 Is installed on the substrate member 41 on which 
"tiie optical filter 42 Is installed along one side of the substifate member 41 , tiiat 
is, in -the Y-axis direction. The first holder 50 Includes a laser diode 51 and a 
first micro .ball lens 52 for focusing an optical signal. InTadiated fifom. the laser 

30 diode 51 on the optical fiber 30. The first holder 50 has a first base portion 53 
and first extending portions 54 and 55 extending from both sides of the first 
base portion 53 to the optical fitter 42 by a predetennlned lengtti. The laser 
diode 51 is installed on an upper surface of the first base portion 53 and a 
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circuit pattern 51a for driving the laser diode 51 and a bonding pad 51b are 
installed on a side adjacent to the laser diode 51 . Here, the heights of the first 
extending portions 54 and 55 defining a position of the first micro ball lens 52 
. are preferably set to irradiate light irradiated from the laser diode 51 on a central 
5 axis of the first micro ball lens 52. Also, it is preferable that the diameter of the 
first micro ball lens 52 is longer than a distance between the first extending 
portions 54 and 55 so that the first micro ball lens 52 is placed on the first 
extending portions 54 and 55. 

Meanwhile, a second holder 60 is installed on the substrate member 41 
10 alpng the other side (X-axis direction) of the substrate member 41 on which the 
optical filter 42 is installed. 

A photodiode 61 for receiving an optical signal received from the optical 
fiber 30 and a second micro ball lens 62 for focusing reception light incident 
- from-the optical fiber 30 on the-photodiode 61-are installed on the- second holder 
15 60. The second holder 60 includes a second base portion 63 arid second 
extending portions 64 and 65 extending from both sides of the second base 
portion 63 to the opticar filter 42 by a predetemiined Jength. The photodiode 

61 is installed in an inner surface of the second base portion 63 con-espohding 
to the optical filter 42 and a wire-bonding pad 61a for extracting a signal from 

20 the photodiode 61 is formed in an upper surface of the second base portion 63. 
Here, it is preferable that a distance between the second extending portions 64 
and 65 is the substantially same as the diameter of the second micro ball lens 

62 so that a position of the second micro ball lens 62 is fixed by the second 
extending portions 64 and 65. The first and second holders 50 and 60 are 

25 anranged to make at substantially right angles to each otiier with the optical filter 
42 being interposed therebetween. It is preferable that inclined planes 55a 
. and 65a haying the same gradient as that of an external surface of the optical 
filter 42 are fornned in end portions of tiie first and second extending portions 55 
and 65 touched to the optical filter 42 so that a mounting position of the optical . 
30 filter42 is defined.^ 

The substrate mehnber 41 and the first and second holders 50 and 60 
are preferably fornned of a material having a relatively low thermal expansion 
. coefficient, such as aluminum nitride, ceramic, or the like, but not limited tiiereto. 
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Any material having a relatively low thermal expansion coefficient can be used 
as materials for the substrate member 41 and the first and second holders 50 
and 60. 

As shown in FIGS, 2 and 3. the stem 70 may further have a base 72, in 
5 which the plurality of pins 71 are installed, and a base substrate 73 extending 
from the base 72 and supporting the optical module unit 40. The plurality of 
pins 71 are wire-bonded to the pads 51b and 61a of the laser diode 51 and the 
photodiode 61 so that plurality of pins 71 are electrically connected to the laser 
diode 51 and the photodiode 61 . 

10 The cover member. 80 is coupled to the base 72 of the stem 70 to 

surround the optical module unit 40. An opening 61 Is fonned In an area 
corresponding to the cover member 80, the area being positioned between the 
optical niter 41 and the optical fiber 30, and the lens 90 for focusing the signal 
light -is installed in the opening 81. 

15 The supporting means 20 is provided for aligning the optical module unit 

40 sunt)unded by the stem 70 and the cover member 80 with the optical fiber 
30. The supporting means 20 includes a housing 21 supporting the optical 
module unit 40 surrounded by the stem 70 and the cover member 80; and a 
holder 22 which is coupled to the housing 21, supports the optical fiber 30, and 

20 aligns the lens 90 supported by the cover member 80 and the optical fiber 30. 

As shown in FIG 4, in the bi-directional optical module package 10 
having the above-described configuration, transmission light output from the 
laser diode 51 is focused by the first micro ball lens 52 to then pass through the 
optical filter 42, and is then focused on an end portion of the optical fiber 30 by 

25 the lens 90 supported by the cover member 80. Reception light incident from 
the optical fiber 30 is focused by the lens 90 so that the reception light is . 
focused on a small area of a suri'ace of the optical filter 42 and is then reflected. 
The reflected reception light is focused by the second micro ball lens 62 and 
then is focused on the photodiode 6t. 

30 As described above, a bi-directional optical module package according 

to the present invention has the following effepts. 

First, first and second holders supporting a laser diodiB, a photodiode, 
first arid second micro ball lens and a substrate member are made of a ceramic . 
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material whose a thermal expansion coefficient is relatively low so that a 
change in a position according to thermal expansion is minimized, thereby 
malting it possible to reduce a change in input ^nd output of light. 

Second, since the laser diode for transmitting light and the photodiode 
5 for receiving the light are installed on the first and second holders and an optical 
filter is fixed between the first and second holders, the size of the optical filter 
can be reduced (withiri 2x2x1 (mm)), thereby manufacturing optical modules 
that meet international standard requirements. Also, since a distance between 
' the laser diode and the photodiode is short, a manual alignment method by 

10 mechanical tolerance can be used and the number of operations required in the 
nianual alignment method can be reduced. 

Third, a circuit pattem for impedance matching and a wire-bonding pad 
can be installed on . the holders made of ceramic, thereby manufacturing the 
integrated bi-dipectional optical- module package. 

15 While the present invention has been particularly shown and described 
with reference to exemplary embodiments thereof, it will be understood by those 
of orclinary skill in the art that various changes in fomn and details may be made 
therein without departing from the spirit and scope of the present invention as 
defined by the following claims. The scope of the invention is, therefore, 

20 indicated by the appended claims rather than by the foregoing description. 
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